Parenteral vaccination of BALB/c mice primed by infection with H3N2 variants of influenza A virus results in a reduced production of N2 antibody in response to homologous (H3N2) vaccine compared with the response to an H7N2 vaccine equal in N2 immunogenicity. We now have studied the interaction in vitro of purified splenic 
(HA-specific) and H6N2 (NA-specific) reassortant (recombinant) viruses in vitro has enabled us to differentiate cellular responses to HA and NA antigens. Hemagglutinin (HA) and neuraminidase (NA), surface glycoproteins of influenza A virus, are both immunogenic; however, the immune response to either antigen is influenced by priming to the other (1) . Antigenic competition between these surface glycoproteins is manifest in natural infection as a suppression of the anti-NA immune response (1) . Suppression can be avoided by presentation ofNA in association with an HA not previously encountered by the experimental animal's immune system (2, 3) . Adoptive transfer experiments have shown that reduced generation of NA-specific T cells is at least partially responsible for modulation of this antigenic competition in favor of HA (3) . However, there is evidence that intermolecular antigenic competition may be a side effect of B cell-T cell cooperation (4-7). Scherle and Gerhard (7) have shown that the B cell-T cell collaboration that results in an antiviral immune response requires a cognate (i.e., direct) T cell-B cell interaction, whether or not the determinants recognized by the helper T cells and B cells are located on the same viral protein or on different proteins within the viral particle. Therefore, one hypothesis that would explain the antigenic competition between influenza virus surface glycoproteins takes cognizance of the ability of B cells to bind, process, and present antigen to T cells. This hypothesis assumes that primary immunization with influenza virus leads to preferential expansion and affinity maturation of B cells specific for HA, the most abundant surface antigen (8) . When the host is reimmunized with the same virus, HA-specific B cells would preferentially bind the virus and process and present it to T cells specific for one of the several influenza viral proteins. The anti-NA response would be blocked by competition unless the NA were presented in association with a different HA on the virion (2). We have tested this hypothesis by measuring the proliferative response of purified T cells stimulated by influenza virus antigens presented by purified B cells.
MATERIALS AND METHODS
Influenza A virus strains used for infection or vaccination were as described (3). Antigenically hybrid, "reassortant" influenza A viruses (viruses derived from gene reassortment by coinfection) H3N1 (A/Hong Kong/1/68-PR/8/34) and H6N2 (A/Turkey/Mass/76-Aichi/2/68) purified on sucrose gradients were UV-inactivated to a residual 50% egg infective dose (EID50) of <10-13/0.2 ml and then were used in in vitro proliferation assays.
Animals. Influenza-immunized BALB/c female mice (The Jackson Laboratories) from a previous study (3) were donors of B and T cells used in the present study.
Infection and Vaccination Procedure. The procedure of sequential infection with heterovariant H3N2 influenza A viruses has been described in detail (2) . Vaccination procedures were as described by Johansson et al. (3) . After sequential H3N2 infections, animals were injected with either phosphate-buffered saline (PBS) or B/Lee, A/H3N2, or A/H7N2 influenza virus vaccines. The immunization schedule and antibody responses from this study are presented in brief in Table 1 .
Preparation of T-Cell-Enriched Populations from Spleen Cells. Purified T-cell populations were obtained 3 months after final immunization from the spleens of freshly killed animals as described (3) . Cytofluorometric analysis with fluorescein-labeled anti-Thy-1.2 monoclonal antibody showed that >97.5% of these cells were T cells.
Preparation of B-Cell-Enriched Populations from Spleen Cells. Splenocytes used as a B-cell source were brought to a volume of 3 ml in Dulbecco's modified essential medium (DMEM) with 5% fetal calf serum and then were placed in 100-mm Petri dishes (Fisher) coated with a 1:10 dilution of purified rabbit anti-mouse immunoglobulin antibody and normal rabbit serum (9) . The dishes were gently rocked for 70 min at 40C. To recover adherent cells, the plate was filled with 20-25 ml ofPBS containing 1% fetal calf serum, and the entire surface of the plate was flushed by using a Pasteur pipette. Cells well. After 18 hr of incubation with label, cells were harvested and radioactivity was measured. Cell cultures were maintained in DMEM containing 2-mercaptoethanol (5 ,tM) and 10% fetal calf serum. In the absence of virus, the T-cell proliferative response of purified B/T-cell mixtures from unimmunized animals was comparable to that found with unfractionated splenocytes in other studies (z1500 cpm). However, in the presence of virus, these background levels were 10-30 times higher, possibly reflecting nonspecific B-cell activation by the panning procedure used in B-cell isolation. The use of virus reassortants (H6N2 or H3N1) containing identical internal proteins (from A/IR/8/34) and only one of the surface glycoproteins to which the experimental animals had been previously primed enabled us to differentiate cellular responses to each surface antigen. After purification, each group of purified T cells was paired with each group of antigen-stimulated B cells in a standard factorial design (Fig. 1 Table 7 show that, in mixtures of group 3 T cells and group 3 B cells (experiment 1), T cells proliferated more than twice as well as did group These results are congruent with our previous demonstration ofHA-NA antigenic competition based on antibody response (1, 2) and provide evidence that the effect is mediated by B cell-T cell interaction. The predominant role of B cells as antigen-presenting cells was most clearly seen when primed B cells from these two groups presented either H6N2 or H3N1 virus to naive T cells (experiments 4 and 7). An additional point of interest is that the greatest response to in vitro stimulation with H3N1 virus was in mixtures of group 3 B and T cells. Also, when group 4 B cells were paired with group 4 T cells, proliferative response to H6N2 was superior to that shown with intergroup cell mixtures (experiments 3 and 6).
DISCUSSION
In previous studies we demonstrated that BALB/c mice sequentially infected with two antigenic variants of H3N2 influenza virus and then vaccinated with the first H3N2 strain developed less antibody to the viral (N2) NA by a factor of 4 than did mice vaccinated with an H7N2 reassortant virus (2) . The relative immunogenic inferiority of N2 antigen when administered in vaccine virus containing H3, the HA previously encountered by animals sequentially infected with H3N2 heterovariants, cannot be explained by differential primary immunogenicity of the H3N2 or H7N2 vaccines. Studies in unprimed mice showed that, when given at equal dosage, the two vaccines induced comparable levels of NA inhibiting (anti-N2) antibody and homologous HA inhibiting antibody (2) , and the present studies have shown equivalent N2-specific response of splenocytes in vitro. A likely explanation for this phenomenon posits a different immunologic response at the level of recognition and presentation of NA antigen in association with a novel HA antigen. The studies presented here provide evidence for a difference in the recognition and processing of vaccine viral particles in mice primed to H3 antigen. H3N2 viral particles apparently are captured preferentially by H3 memory B cells, which action reduces the opportunity for N2 to unite with B-or T-cell receptors that would result in N2 antibody production, whereas recognition of H7N2 viral particles by N2 memory B cells is unimpaired by concomitant H3 recognition. In either case, processed viral antigens can then be presented to immune T cells, resulting in the activation of both T and B cells.
In the present study we also have shown that the proliferative response of T cells from H7N2-injected animals mixed with naive B cells stimulated by H6N2 virus was superior to that ofany other T-cell group (Table 5 (16, 17) . To the degree that antibody to the viral NA is important in immunity to influenza (18) , the repeated damping ofresponse to this antigen in favor of HA with each reinfection intrinsically and inevitably prohibits the attainment of balanced immunity to both HA and NA antigens. The situation is analogous to the well-documented phenomenon of "original antigenic sin" (19) 
